The antibiotic actinomycin D has been of considerable interest in virus research as well as other areas of biology in the past few years. Actinomycin very efficiently blocks cellular ribonucleic acid (RNA) synthesis. This has been attributed to binding of the drug to the deoxyribonucleic acid (DNA) template, preventing its action with RNA polymerase. In comprehensive reviews on the effects of actinomycin, Reich (14) and Reich and Goldberg (16) cited a number of reports on the effect of the drug on the replication of RNA viruses. Certain viruses, such as influenza, reovirus, and Rous sarcoma, were inhibited, whereas others, including poliovirus and other picomaviruses, were not inhibited by the drug. The latter has been interpreted as independence of DNA in the formation and action of the viral RNAprimed RNA polymerase.
Suppression of cellular RNA synthesis by actinomycin during infection has been a useful tool in virus-ceU studies and in preparation of labeled virus. The studies reported here grew out of attempts to use this tool with LSc strain poliovirus in HeLa cells. A marked reduction in yield of LSc virus was found, whereas the MEF1 strain was only slightly inhibited. The studies were ex-1 A preliminary report of this work was presented at the 65th Annual Meeting of the American Society for Microbiology, Atlantic City, N.J., 25-29 April 1965. tended by including additional poliovirus strains, and experiments were designed to examine various parameters that might be involved in the differential effect of the drug upon the replication of the strains. Independent There was considerable variability in the magnitude of the response to actinomycin, but the LSc strain was always more sensitive than MEF1 in any given experiment. A partial explanation for the variability will be found in investigations of various parameters reported below.
It is of interest that the types 1 and 3 attenuated strains of the Sabin oral vaccine, LSc-2ab and Leon 12a1b, respectively, were relatively sensitive to actinomycin, whereas the virulent strains, including those of Salk killed virus vaccine, were relatively unaffected by the drug. Since the LSc2ab and Leon 12a,b viruses initially studied were "laboratory strains," viruses were isolated from contemporary commercial types 1 and 3 vaccines. Their sensitivities to the drug confirmed the findings with the laboratory strains. The decrease in sensitivity of the 65-day isolate relative to the 2-day isolate from an oral vaccine recipient parallels the observation that the 2-day isolate was antigenically similar to the parent LSc-2ab vaccine, whereas the 65-day isolatL was more like virulent type 1 viruses (28).
Vogt and co-workers (27) observed that R30 and LSc-2ab strains possessed common characteristics of the d marker and lack of neuropathogenicity for monkeys. The relative insensitivity of R30 virus to actinomycin shows that a generalization cannot be made regarding a relation between lack of virulence and sensitivity to actinomycin.
Effect ofactinomycin concentration on LSc-2ab.
Preliminary experiments indicated that the replication of LSc virus was significantly inhibited by concentrations of actinomycin as low as 0.1 ,ug/ ml. The results of one experiment with various concentrations of the drug are presented in Fig. 1 .
The upper curve shows the effect of concentration when titrated under regular agar overlay. Takemoto and Liebhaber (24) found that under dextran sulfate agar overlay the majority of the population in an LSc stock appeared as "inhibited" plaques of pinpoint size, whereas variants uninhibited by the acid polysaccharide appeared as "enhanced" plaques ofnormal orlarger size. The lower curve of Fig. 1 LSc virus in the presence of 2.5 Ag/ml of actinomycin. With respect to time, there appears to be a slight delay in initiation of maturation relative to normal virus growth. Because of the reduced yield, the actual initiation of maturation may be obscured by residual uneclipsed inoculum, and the apparent delay may not be real. There also appears to be a delay in reaching maximal yield, the significance of which was not further investigated.
Effect of temperature. The experiment shown in Table 2 demonstrates that, at a reduced temperature of 30 C, actinomycin had less effect on both LSc and MEF, replication. However, the differential effect between the two viruses was maintained.
Effect of visible light. Since actinomycin is highly colored and the structure of the phenoxozone ring system is similar to those of photosensitizing dyes, the possible effect of visible light was determined. There was no significant difference in the yield of LSc virus grown in actinomycin in the dark and assayed in either the light or dark (21) The sensitivity of LSc-2ab poliovirus to the action of actinomycin depended upon the presence of the drug during (or prior to) the first 2 hr of infection. Actinomycin added during the period of active synthesis of viral components and maturation had very little effect on viral yield, but synthesis of viral as well as cellular RNA was blocked when the drug was added shortly after infection. Possible effects of actinomycin on adsorption and initiation of eclipse were ruled out. It thus appears that actinomycin acts upon some early step during viral eclipse, but the experiments do not indicate whether the drug's action is directly involved with some fundamental step in viral replication or is indirectly involved by affecting some necessary cellular system.
Three possible explanations may be offered for actinomycin inhibition of LSc poliovirus replication: (i) obligatory involvement of DNA in the virus replication scheme, (ii) action at a site other than DNA-primed RNA polymerase, or (iii) a critical concentration of some cellular constituent, the synthesis of which depends upon a messenger RNA coded by the cell genome (more than one constituent and messenger could be involved). Alternative (i) is not ruled out by our experiments, but it appears highly unlikely that some strains of poliovirus would require participation of DNA in replication while other strains would not. Alternative (ii) is somewhat more attractive, but there is no direct evidence pointing to a site of action other than a DNAprimed polymerase. There are two effects of actinomycin in which, according to the authors, DNA-primed RNA polymerases are not involved. The first is fragility of polyribosomes upon mechanical disruption of rat liver (17) , and the other involves inhibition of maturation, presumably steric hindrance of packaging, of a DNA bacteriophage (11) . Neither of these seems to be pertinent here, but some other activity not linked to DNA might be involved in the differential effect with poliovirus. Gomatos et al. (5) The differential effect between LSc and MEF1 poliovirus may not be limited to actinomycin inhibition. Preliminary experiments in our laboratory suggest that LSc is more sensitive to inhibition by mitomycin C than is MEFI. The difference was not as marked as that with actinomycin, but served to point out further the possible importance of virus strains in studies of poliovirus replication where inhibitors or limiting physiological conditions are employed. Possible strain differences should not be overlooked in studies with other viruses as well.
It becomes apparent from studies such as the one presented here that generalized statements on modes of replication of RNA viruses should not be based solely upon inhibition by actinomycin. It was recently found by Shatkin (22) that reovirus, which was previously reported to be actinomycin-sensitive, could multiply in the presence of actinomycin at a concentration that blocked 90% of cell RNA synthesis. With influenza group viruses, recent studies lead to confusing and sometimes conflicting interpretations of the effects of actinomycin (3, 19, 29) . Actinomycin studies suggesting involvement of DNA in the Rous sarcoma virus system are strengthened by other lines of evidence (1, 2, 25, 26) . On the other hand, recent experiments by Robinson (18) show that limited production of viral RNA can occur in the presence of actinomycin, but that the RNA is not incorporated into mature Rous virus. Other members of the avian leukosis group viruses may or may not be inhibited by actinomycin, depending upon the conditions employed (31; Allen and Zamecnik, Federation Proc. 24:287, 1965) .
After completion of this manuscript, it was reported by Grado and co-workers (6) that replication of Brunhilde strain poliovirus in HEp-2 cells was inhibited by actinomycin. Their findings are in agreement with ours with respect to a onestep growth curve and to the action of actinomycin early in the growth cycle.
